Background: There is no single universally accepted biochemical marker of nutritional status in the elderly. Many markers are affected by non-nutritional factors. Objective: The purpose of this study was to determine the biological parameters best related to anthropometric markers of malnutrition in an elderly polypathological population, and determine cutoff values for these potential parameters to diagnose malnutrition. Design: This prospective study enrolled 116 elderly hospitalized patients and 76 elderly outpatients. Nutritional status (albumin, transthyretin, body mass index (BMI), skinfold thickness) and biological parameters (leptin, insulin-like growth factor-1 (IGF-1), IGF binding protein-1 (IGFBP-1), IGFBP-3, C-reactive protein (CRP), orosomucoid) were assessed. We defined malnutrition according to the lowest quartile of BMI and skinfold thickness measured in a large healthy elderly French sample population. Results: In this sample of elderly patients (age: 8577 years old), leptin concentration was the only biological parameter significantly related to nutrition status. Independent correlations were found between leptin concentration and BMI, skinfold thickness and sex. The relationship between nutritional status and leptin concentration is significantly different in each sex: the more the patients are undernourished, the lower the leptin concentration in both sexes. The optimal leptin cutoff value for the diagnosis of malnutrition in this population was 4 mg/l in men (sensitivity 0.89, specificity 0.82) and 6.48 mg/l in women (sensitivity 0.90, specificity 0.83). Conclusion: Leptin concentration is highly correlated with anthropometric data whereas albumin or transthyretin are known to be also influenced by morbidity and inflammatory conditions. Serum leptin concentration could be used for nutritional assessment in elderly patients with acute diseases.
Introduction
Malnutrition in elderly populations is considered a major public health problem. The Pubmed database includes 12 original articles from 2004 specifically focused on this topic.
The parameters measured always include weight and body mass index (BMI), a large majority include Mini Nutritional Assessment (MNA), albumin and transthyretin, whereas some articles focus on anthropometric data (calf circumference, skinfold thickness) or other biological data (insulin-like growth factor-1 (IGF-1), IGF binding proteins (IGFBPs)) or measurement of body composition. In many studies, parameters are combined in indexes because no single parameter alone is able to diagnose malnutrition in a very old polypathological population. Thus, there is no consensus on the best method for accurately assessing nutritional status in the elderly.
Anthropometric measurements are modified by fluid imbalance and many of the classical biological parameters are affected by non-nutritional factors. Albumin and transthyretin concentrations are influenced by hemoconcentration and inflammation-dependent. Thus, these parameters are inappropriate as indicators of nutritional status in elderly populations, which often suffer from heart failure (edema) or chronic diseases with inflammatory or/and septic complications (Baxter, 1999) . Other biological parameters such as IGF-1 associated with IGFBPs are sometimes used (Janssen et al., 1998; Campillo et al., 2000) . Leptin, which has been strongly correlated with BMI and tissue adiposity, is a promising parameter (Friedman and Halaos, 1998) . Chronic feeding control depends on leptin released from fat stores. Adipocyte leptin acts on the leptin receptors in the brain by controlling food intake and energy expenditure.
Thus, we decided to study a cohort of elderly hospitalized patients and elderly outpatients and measure both anthropometric and biological parameters such as IGF-1, IGFBPs and leptin. The purpose of this study was to determine the biological parameters best related to anthropometric markers of malnutrition in elderly patients and determine cut-off values for these potential parameters to diagnose malnutrition.
Methods

Subjects
One hundred and sixteen consecutive elderly patients were prospectively admitted in a hospital-based geriatric rehabilitation unit (designed as hospitalized patients). The main patient diagnoses for hospitalized patients on admission were: rehabilitation after falls (10%), stroke (8%), Alzheimer's disease (7%), bedsores (3%). Seventy six consecutive elderly patients were evaluated in a geriatric day hospital (designed as outpatients). The main outpatient diagnoses were Alzheimer's disease (37%), depression (10%) and other medical diseases.
Patients were excluded if they did not give informed consent (themselves or their proxy), if they were less than 70 years old, if they underwent enteral or parenteral nutrition, if they had endocrine disease, especially diabetes and thyroid diseases, if they had edema or congestive cardiac insufficiency or advancing cancer, or if they needed palliative care (or if their life expectancy was evaluated at less than 45 days).
Procedures
Each patient underwent a clinical examination including measurement of weight, the sum of four subcutaneous skinfold thickness tests (triceps, biceps, suprascapular, suprailiac as measured with Harpenden calipers) and height evaluation (using knee height (KH) and Chumlea equations).
The estimated height (H) was derived from KH and age using the following equations from Chumlea (Chumlea et al., 1985) :
For women H (cm) ¼ 1.83 Â KH (cm) -0.24 Â age (years) þ 84.88.
BMI was calculated as body weight in kg divided by height squared in m 2 . The subjects were fasted from 20.30 hours the evening before testing. At 08.30 hours, a venous blood sample was drawn. The serum was frozen and stored at À801C until assay. All samples were analyzed together.
We defined malnutrition according to the lowest quartile of BMI and skinfold thickness measured in a large French population sample of healthy elderly subjects living independently at home and aged between 65 and 97 years, as described by Delarue et al. (1994) . These authors stratified of BMI and skinfold thickness values by sex and four 5-year age classes starting at 65 years old. We divided our patients into three classes:
Class 1 (probable malnutrition) had BMI and skinfold thickness values under the cutoff of the lowest quartile defined by Delarue. Class 2 (intermediate state of nutrition) covered all other subjects.
Class 3 (normal nutrition or overweight) had BMI and/or skinfold thickness values over the cut-off of the highest quartile.
The highest and lowest quartiles of Delarue's sample are presented after stratification by sex: cutoff values are given as an example for the 'over 80 years old' bracket (Table 1) .
Assays
Biological serum parameters including albumin, transthyretin, C-reactive protein, orosomucoid, glucose, thyrotropic hormone (TSH) and leptin were measured. In addition, hospitalized patients also had simultaneous serum measurements for IGF-1, IGFBP-1 and IGF-BP-3. Creatinine clearance was calculated using the Modification of Diet in Renal Disease (MDRD) formulas (National Kidney Foundation, 2002) .
Serum albumin, transthyretin, C-reactive protein and orosomucoid concentrations were measured by immunonephelometry on an Image analyzer (Beckman Coulter) apparatus. Serum glucose and creatinine were assessed by a glucose oxidase method and a modified Jaffé reaction, respectively, on a Hitachi analyzer (Roche diagnostics). Ultra-sensitive human serum TSH was determined by chemiluminescence immunoassay on an Access analyzer (Beckman Coulter). Serum leptin concentrations were measured by radioimmunoassay. For concentrations between 10 Leptin for evaluating malnutrition O Bouillanne et al and 100 ng/ml, we used a human leptin radioimmunoassay HL-81K kit (Linco Research, St Louis, MO, USA). The limit of sensitivity for this human leptin assay is 0.5 ng/ml. For concentrations between 4.9 and 25.6 ng/ml, within-assay coefficient of variation was 3.4-8.3% and between-assay coefficient of variation was 3-6.2%. For concentrations below 10 ng/ml, we used a human leptin radioimmunoassay SHL-81K kit (Linco Research, St Louis, MO, USA). The lowest concentration of leptin that can be detected by this assay is 0.05 ng/ml. For concentrations between 0.4 and 4.24 ng/ml, within-assay coefficient of variation (CV) was 5.3-7.5% and between-assay coefficient of variation was 3.2-8.9%. Serum IGF-1 concentrations were measured by radioimmunoassay (CIS Bio International, Gif-sur-Yvette, France). Intra-and interassay precision were 2.0 and 6.0%, respectively. Serum IGFBP-1 was assayed with the disease susceptibility locus (DSL) ACTIVE IGFBP-1 coated-tube immunoradiometric assay (IRMA) kit (DSL, Cergy Pontoise, France). The detection limit was 0.33 ng/ml. Within-assay CVs ranged between 2.7 and 5.2%; between-assay CVs ranged between 3.5 and 6%. No cross-reactivity with IGFBP-2,-3, or -4 was detected. Serum IGFBP-3 was assayed with the DSL ACTIVE IGFBP3 IRMA. The detection limit was 0.05 ng/ml. Within-assay CVs ranged between 1.8 and 3.9%; between-assay CVs ranged between 0.5 and 1.9%. No cross-reactivity with IGFBP-1,-2, or -4 was detected. Samples were analyzed in duplicate.
Statistics
Mean values of clinical and biological patient characteristics according to sex and hospitalized/outpatient status were compared using two-way analyses of variance (ANOVAs) and the relationship between sexes, hospitalized/outpatient status and nutritional status were tested using Fisher exact tests. Mean clinical and biological parameter of the three classes of nutritional status were tested using a one-way ANOVA. When globally significant, the means were compared pairwise using Tukey tests. Correlations between serum leptin and clinical or biological variables were assessed using Spearman rank correlation tests. Finally, multiple linear regressions relating leptin serum to specific subset of parameters were also performed. Cut-off values were determined empirically by visual analysis of receiver operating characteristic (ROC) curves. Multiple comparisons were taken into account using a Bonferonni correction according to a number of 17 mean parameters: for the ANOVAs and correlation coefficient tests, P-values lower than 0.05/17 ¼ 0.003 were considered significant. All tests were two-sided, and all computations were performed using the SAS statistical software package (version 8; SAS Institute France, Grégy-sur-Yerres, France).
Results
One hundred and sixteen hospitalized and 76 outpatients were included (age: 8577 years old). Table 2 presents the serum biological parameters and clinical characteristics of the hospitalized and outpatient populations by sex. Significant differences are observed concerning age, albumin, transthyretin, transferrin, CRP, orosomucoid, weight and skinfold thickness between hospitalized and outpatients. Hospitalized patients were older, slimmer, had lower albumin, transthyretin and transferrin and higher CRP and orosomucoid. Sex ratio distribution, classes of nutrition, glucose, leptin values and BMI did not reach significance. As shown in Table 2 , IGFBP-3, leptin and weight were the only parameters significantly different between men and women. Table 3 reports the clinical and biological characteristics of patients classified according to their nutritional status. Albumin, transthyretin, IGF1, IGFBP-1 and IGFBP-3 values as well as acute-phase proteins (CRP and orosomucoid) were not significantly different between the three classes of nutrition (data not shown for orosomucoid). As expected, anthropometric data were significantly different between these classes. The only biological parameter significantly related to the 3 classes of nutrition defined from the two anthropometric parameters (BMI and skinfold thickness) was leptin concentration, with significant pairwise differences using Tukey tests.
We decided to focus on leptin concentration and determine the best relation between leptin concentration, sex and anthropometric data. Firstly, using a multiple regression analysis, we checked independent correlations between leptin concentration and, respectively, BMI (Po0.0001), skinfold thickness (Po0.01) and sex (Po0.0001) (data not shown). Second, we confirmed that the relation between nutritional status and leptin concentration was significantly different in both sexes (Po0.001 for men and Po0.0001 for women) (Figure 1) : the more the patients were undernourished, the lower the leptin concentration, in both sexes. Third, correlations between leptin concentration and biological values and age were studied (Table 4) . There was no correlation between leptin and the inflammatory markers CRP and orosomucoid. Leptin concentration was significantly correlated with IGFBP-1 in males only. In this study, IGFBP-1 showed a weak inverse relationship with BMI in women only (Po0.015) and a strong inverse relationship with the sum of four skinfold thickness in each sex (r ¼ À0.592 in males, Po0.0001 and r ¼ À0.437 in females, Po0.0001) (data not shown) and was not correlated with the three classes of nutrition (Table 3) . Comparatively, the correlations between IGF-1 or IGFBP-3 and BMI and between IGF-1 or IGFBP-3 and the sum of four skinfold thickness were not significant (data not shown).
We then realized a stepwise multiple linear regression analysis including hospitalization status, sex, nutritional status and age. Age is known to be an independent contributor of leptin concentrations (Isidori et al., 2000) and was therefore included in the model, although it was obviously not significantly correlated to leptin concentration in our study. There was no effect of hospitalization status, and the relationships between leptin concentration and other parameters are explained in the following formula. The equation written as follows explains 35% of variance (R 2 ). Age (in years) is expressed in relation to the mean age of our population, which was 85 years:
In elderly women: Mean leptin value (mg/l) in class 1 ¼ 3. 
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Mean leptin value (mg/l) in class 3 ¼ 10.85-((age À85) Â 0.11)
We made separate calculations of the sensitivity and specificity of leptin concentration to diagnose definite malnutrition (class 1) for each sex (Figures 2 and 3) . Next, we determined cutoff values on the ROC curves, and found that the optimal cutoff was 4 mg/l in men (sensitivity 0.89, specificity 0.82) and 6.48 mg/l in women (sensitivity 0.90, specificity 0.83).
Discussion
The purpose of this study was to determine the biological parameters best related to anthropometric markers of malnutrition in an elderly hospitalized or outpatient population, and determine cutoff values for these potential parameters to diagnose malnutrition.
Given the absence of an international consensus definition of malnutrition in a very old polypathological population, we chose to define malnutrition according to the lowest quartile of BMI and skinfold thickness measured in a large French population sample of healthy elderly subjects living independently at home, as described by Delarue (Delarue et al., 1994) . In the elderly over 70 years old, ESPEN guidelines (Beck and Ovesen, 1998) recommend the use of the MNA to detect the risk of developing malnutrition among in home-care programs, nursing homes and hospital settings (Hasselmann and Alix, 2003; Kondrup et al., 2003) . The MNA is questionnaire-based and is more suitably adapted to the elderly at home. For adults, the ESPEN guidelines recommend using a combination of BMI and weight loss (Malnutrition Universal Screening Tool or MUST). Neither BMI nor weight loss should be used alone. The cutoff points used for screening are a BMI less than 20 kg/m 2 and weight loss of over 5% during the last 3-6 months (Beck and Ovesen, 1998 Leptin for evaluating malnutrition O Bouillanne et al (Kuczmarski et al., 2001) . Only half of the elderly can remember their habitual weight, and they are seldom weighed, even under professional care (Robbins, 1989) . With increasing age, the optimal BMI for healthy elderly people increases from 20-25 to 24-29 kg/m 2 . This is why, to identify the elderly at-risk patient, Beck suggests that a BMI of less than 24 kg/m 2 should be used in combination with other parameters (Beck and Ovesen, 1998) . The use of other anthropometric parameters such as skinfold thickness needs experienced hands, as these relatively simple measurements can be compromised by a number of errors in technique as well as by intra-and inter-examiner errors. Furthermore, these anthropometric parameters are influenced by fluid imbalance.
The first objective of this study was to focus on biological parameters, which are best related with anthropometric markers of malnutrition, to identify which parameter can be used to diagnose malnutrition in elderly pathological populations. As shown by our results, serum albumin and transthyretin values decrease dramatically in hospitalized patients. Concurrently, higher CRP and orosomucoid values were observed in this population, which often suffers from inflammation or/and infection. A reduction in the hepatic synthesis of albumin may be the consequence of inflammatory conditions rather than nutritional status; this amply reflects its proxy value as an indicator of active disease and inflammation. Our IGF-1 values are consistent with those reported by (Campillo et al. (2000) in 40 elderly patients with hip fracture. The IGF-1 values reported by Ponzer et al. (1999) in elderly women with hip fracture are lower, but were obtained by another dosage method after extraction. The IGFBP-1 values we obtained for men are similar to those reported by Kalme et al. (2004) in elderly men without diabetes.
The leptin concentrations of patients in Class 1 (probable malnutrition) of this study are comparable to those observed by Cederholm et al. (1997) in malnourished elderly patients and Haluzik et al. (1999) in malnourished adults . The leptin concentrations of patients in class 3 (normal nutrition or overweight) are in the same range as those observed by Isidori, Smirnoff and Van den Saffele in healthy elderly patients (Van den Saffele et al., 1999; Isidori et al., 2000; Smirnoff et al., 2001) . It should be noted that in our study, leptin was not correlated with transthyretin, albumin, CRP or orosomucoid. Leptin concentration was correlated with BMI independently of CRP (r ¼ 0.72, Po0.0001, partial correlation coefficient test).
Our analysis of the relation between biological and anthropometric markers of malnutrition in elderly patients revealed a very strong correlation between leptin concentration and BMI, and between leptin concentration and the sum of four skinfold thickness measurements. Leptin concentration was the only parameter significantly related to all three classes of nutrition defined from these two anthropometric parameters. However, this finding cannot be generalized to patients excluded from the study, such as diabetic patients. Our results could potentially be limited in initially obese patients or those with greater loss of lean tissue than fatty tissue. However, the number of patients potentially involved is probably relatively low in the age bracket used in our study. Furthermore, studies on moderately obese elderly patients living at home and following a diet highlight that the weight loss involved applied more to fatty tissue (especially subcutaneous fatty tissue) than lean tissue, regardless of other factors including diabetes or regular physical exercise (Gallagher et al., 2000; Giannopoulo et al., 2005; Villareal et al., 2006) . This difference in leptinemia between the three nutritional classes cannot be explained by renal insufficiency. Creatinine clearance was calculated using the Modification of Diet in Renal Disease (MDRD) study formulas. Average creatinine clearance in malnourished patients (group 1) was 65.6717.6 ml/min compared to 61.9718.4 ml/min and 66.6715.1 ml/min in groups 2 and 3 patients, respectively. There was no correlation between leptin concentration and creatinine clearance (r ¼ À0.122, P ¼ 0.1). Comparatively, the correlation between IGF-1 and BMI and between IGF-1 and the sum of four skinfold thicknesses was not significant. Some studies have attempted to simultaneously correlate BMI or nutritional status with leptin and IGF-1 concentrations. Although some authors (Sullivan et al., 1990; Ponzer et al., 1999; Campillo et al., 2000) found a positive correlation between IGF-1 and BMI, this correlation appeared to be weak and was not reported by other authors. Lo et al. (2003) in male volunteers and patients with tumor, as well as Van den Saffele et al. (1999) in 372 male subjects (23-78 years), found similar results to ours: IGF1 concentration was not correlated to BMI and leptin concentration was correlated to BMI. Anssen et al. (1998) . showed that variations in IGFBP-1, which are inversely correlated with IGF-1, are better related to BMI and nutritional status than IGF-1. This same pattern was also reported by Laughlin et al. (2004) in a study of 633 men and 552 women (51-98 years). IGFBP-1 in our study showed a weak inverse correlation with BMI in women only, a strong inverse correlation with the sum of four skinfold thicknesses in both sexes, and showed no relationship with our three classes of nutrition. Soderberg et al. (2001) reported a strong inverse correlation between BMI and IGFBP-1 in subjects between 40 and 60 years old. Soderberg's team also showed an inverse correlation between leptin concentration and IGFBP-1 (Po0.05) in men only, which is in agreement with the strong inverse correlation found in our study between leptin concentration and IGFBP-1 in men (P ¼ 0.0005).
In our study, edema and fluid imbalance were strictly excluded, but both disorders are frequent in the elderly, and both influence weight and other anthropometric data (Baxter, 1999) . In the elderly, subclinical edema influences weight, which in this condition is not strictly correlated with nutritional status. Leptin concentration could serve as a better nutritional marker than weight and BMI in these contexts. However, patients with advanced chronic heart failure may present elevated serum concentrations of leptin (Schulze et al., 2003) .
We can conclude that, among the biological parameters available, leptin concentration, in this study and in agreement with the literature, appears sufficiently strongly correlated with anthropometric data to probably be the best marker available. This correlation is in accordance with the fact that leptin concentration reflects the metabolic reserve constituted by fat, especially peripheral subcutaneous fat.
The independent correlations between leptin concentration and sex, leptin concentration and BMI and, to a lesser extent, between leptin concentration and the sum of four skinfold thicknesses observed in this study suggest that leptin is a useful diagnostic tool. Physiologically, leptin is secreted by large adipocytes of subcutaneous peripheral fat (Van Harmelen et al., 1998) . BMI is a composite index in which weight is mainly composed of peripheral fat, trunk fat and lean mass. According to Gower et al. (2000) , trunk fat is presumed to secrete less leptin that peripheral fat, whereas the same authors found a negative correlation between lean mass and leptin concentration. Our results suggest that sex (with more peripheral subcutaneous fat in women) and BMI provide a good assessment of peripheral subcutaneous fat and that the sum of skinfold thicknesses only slightly enhances the assessment.
The second objective of this study was to determine cutoff values for leptin concentrations in order to diagnose malnutrition in elderly, hospitalized and outpatients. We found that the optimal cutoff was 4 mg/l in men and 6.48 mg/l in women, with good sensitivity and specificity.
In conclusion, leptin concentration is highly correlated with anthropometric data used to define nutritional status, and is the only biological parameter significantly related to classes of nutrition, in contrast with albumin or transthyretin which are influenced by morbidity and inflammatory conditions. Leptin concentration decreases as undernourishment becomes more pronounced. Thus, leptin concentration may be particularly useful for patients who cannot be weighed owing to reduced mobility or postural instability. Serum leptin concentration could serve as a nutritional assessment indicator in elderly patients, even against a background of acute disease, which is frequent in this population.
